Gemella morbillorum and Gemella haemolysans are commensal bacteria of the human upper respiratory tract. However, as opportunistic pathogens, gemellae are able to cause severe localized and generalized infections (7) .
Little is known about the diversity and distribution of resistance genes in commensal bacteria, specially in Gemella spp., although they could play an important role as reservoirs of antibiotic resistance genes.
Previously, we have reported phenotypic and genotypic characterization of erythromycin resistance in Gemella spp. from normal flora. The presence of other resistance determinants, such as the tet(M) gene, that are often present on the same mobile genetic element were also determined (2) . Although a considerable number of strains had the same phenotypic and genotypic resistance profile, information on relatedness at the genetic level was lacking. Therefore, the aim of the present work was to contribute to the knowledge of the role of commensal bacteria in the spread of antimicrobial resistance. In order to achieve this objective, the genetic similarities between erythromycin-resistant Gemella spp. from normal flora were determined by using the pulsedfield electrophoresis (PFGE) technique. The presence of other resistance genes not previously investigated was also examined.
MATERIALS AND METHODS
Bacterial strains and susceptibility testing. Twenty-nine erythromycin-resistant Gemella strains (16 G. morbillorum strains and 13 G. haemolysans strains), isolated mainly from nasopharyngeal samples between 2001 and 2003 in the Microbiology Service of the "Lozano Blesa" Clinical University Hospital (Zaragoza, Spain), were previously studied for macrolide resistance phenotypes and genes. Macrolide resistance phenotypes were classified by the method of Seppälä et al. (15) . The macrolide resistance (M) phenotype was confirmed by the induction test described by Malke (9) .
Eighteen strains showed the M phenotype and possessed the mef(A) gene, nine strains had the constitutive macrolide-lincosamide-streptogramin B resistance (cMLS B ) phenotype, and two strains had the inducible MLS B (iMLS B ) phenotype. Streptococci showing the cMLS B or iMLS B phenotype possessed the erm(B) gene either alone or in combination with the mef(A) gene (27.3%). Six transformants of Streptococcus pneumoniae R6 strains obtained with DNA from mef(E)-containing Gemella sp. isolates were also included in this study (2) .
The MICs for tetracycline (Sigma, St. Louis, MO) were determined by an agar plate dilution method according to the guidelines established by the Clinical Laboratory Standards Institute (CLSI) (3). S. pneumoniae ATCC 49619 was used as a control strain.
Genetic analysis of resistance genes. Primers and genes used in this study are listed in Table 1 . In order to complete the genetic analysis of resistance determinants, the presence of the tetracycline resistance genes tet(O) and tet(K) and the erythromycin resistance determinant msr(A) were studied by PCR amplification. The 402-bp amplicon of the msr(A) gene was digested with the HindII restriction enzyme (Sigma, St. Louis, MO), resulting in two fragments of 305 and 97 bp. For mef(A/E)-containing strains, another PCR was performed to study the presence of ORF3/ORF6 in mega and Tn1207.1 genetic elements, respectively. The PCR conditions were as follows: 35 cycles, with 1 cycle consisting of 94°C for 1 min, 50°C for 1 min, and 72°C for 1.5 min. PCR was performed with 2 mM MgCl 2 , 0.2 mM each deoxynucleoside triphosphate, 0.4 mM (each) primer, and 2.5 U Taq polymerase. Amplifications were performed in a Perkin-Elmer Cetus DNA thermal cycler (Perkin-Elmer, Norwalk, CT). PCR products were resolved by electrophoresis on 1.5% agarose gels.
PCR amplification products of the erm(B), mef(E) (2), and msr(A) genes were purified (GFX PCR DNA and gel band purification kit; Amersham Biosciences, Freiburg, Germany) and sequenced by using the corresponding amplification primers. In addition, the mef(A) gene from G. haemolysans 68 was fully sequenced. Sequencing reactions were performed by using the DYEnamic ET dye terminator cycle sequencing kit for MegaBACE DNA analysis systems (Amersham Biosciences, Freiburg, Germany) according to the manufacturer's instructions. BLAST software was used to carry out identity searches of the GenBank database available at the website of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov).
PFGE. PFGE was performed as described previously (4) . Briefly, genomic DNA was extracted in agarose plugs after incubation with lysozyme and proteinase K. The DNA-containing agar plugs were treated with the restriction endonuclease SmaI. The resultant DNA fragments were separated by PFGE in 1.2% agarose gels in a Gene Navigator system (Pharmacia Biotech AB, Uppsala, Sweden) with pulse times increasing from 10 to 50 s over 19 h at a voltage of 200 V. The gels were stained with ethidium bromide. Band patterns of the different gels were analyzed with the Gel Compare 3.0 program (Applied Maths, Kortrijke, Belgium) to calculate Dice coefficients of correlations and to generate a tree using the unweighted-pair group method using average linkages. A value of 80% similarity was used as a cutoff criterion for comparison of PFGE patterns.
Nucleotide sequence accession numbers. The nucleotide sequence of G. haemolysans strain 68 mef(A) gene was assigned GenBank accession no. DQ304772, and G. haemolysans strain 244 mef(E) PCR product was assigned GenBank accession no. DQ304776. G. morbillorum strain 27 mef(E) PCR product was assigned GenBank accession no. DQ304777, and G. haemolysans 207 erm(B) PCR product was assigned GenBank accession no. DQ304775. G. morbillorum strain 141 erm(B) PCR product was assigned GenBank accession no. DQ315672, and G. morbillorum 24a msr(A) PCR product was assigned GenBank accession no. DQ304780.
RESULTS AND DISCUSSION
Of the 15 tetracycline-resistant isolates, three (G. morbillorum strains 256, 182, and 227) carried the tet(O) gene in combination with the tet(M) gene. No isolate had the tet(K) gene. The tet(O) gene has been found in different species from the oral and respiratory tracts (17) , but to our knowledge this is the first report of the tet(O) gene in Gemella spp. The carriage of two tetracycline resistance determinants in G. morbillorum (MIC 50 , 16 g/ml) did not increase the tetracycline MIC level in comparison with those strains that harbored only the tet(M) gene (MIC 50 , 16 g/ml). These results agree with those observed by Villedieu et al. (17) in oral bacteria. However, we cannot exclude the presence of other tetracycline resistance genes that were not investigated.
The msr(A) gene was detected in G. morbillorum strains 27 and 24a. Two fragments of the expected size were obtained when the PCR products of both isolates were digested with HindII. The nucleotide sequence of the amplicon of strain 24a demonstrated a similarity of Ն99% to the sequences of the corresponding fragments of the msr(A) genes reported for Staphylococcus epidermidis (GenBank accession no. X52085.1), Staphylococcus aureus (GenBank accession no. AF167161), and Corynebacterium spp. (GenBank accession no. AY591760. 1). The msr(A) gene is commonly found in staphylococci (8); therefore, its presence in Gemella spp. suggests an intergeneric exchange of genetic information. As far as we know, this is the first report of the msr(A) gene in G. morbillorum.
In order to generate more information about the molecular basis of macrolide resistance in Gemella spp., two PCR products of the erm(B) and mef(E) genes of each Gemella species and a complete mef(A) gene, previously obtained (2) All the Gemella sp. isolates harboring the mef(A/E) and msr(D) genes possessed ORF3/ORF6, suggesting the presence of mega and Tn1207.1 genetic elements. Since the mef(A) gene is generally associated with Tn1207.1-related elements and the mef(E) gene is generally associated with mega-like elements (1, 6, 12, 13) , it seems likely that this last genetic element would be prevalent in our isolates. This situation resembles that described for S. pneumoniae in the United States, where mega is the most prevalent (6), but is in contrast to the situation in Italy and Scotland, where Tn1207.1-related elements dominate as a (Fig. 2) .
The clonal diversity found in G. morbillorum and G. haemolysans strains suggests that as with other gram-positive bacterial species (10, 14, 19) , horizontal transfer may be the main route through which erythromycin resistance is acquired. Specially, the high heterogeneity found in mef(E)-msr(D)-ORF3-containing strains, the evidence of their transfer by transformation and the described lack of conjugation of the mega genetic element (6, 12) suggest that transformation probably plays an important role in the transfer of mef(E)-containing elements, not only between different strains of gemellae but between these species and S. pneumoniae.
